Background: Type 1 diabetes mellitus (T1DM) is one of the most common chronic diseases in children. Studies on costs related to T1DM are scarce and focused primarily on the costs directly related to diabetes. We aimed to investigate both the overall healthcare costs and the more specific costs related to the management of diabetes. Methods: This is a retrospective and observational, nationwide cohort study of all Dutch children (aged 0-18 years) with T1DM. Data were collected from the national registry for healthcare reimbursement, in which all Dutch insurance companies combine their reimbursement data. In the Netherlands for all Dutch citizens health care is covered by law and all children are treated by hospital-based paediatricians. Results: We analysed 6710 children distributed over 81 hospitals: 475 children in 6 university hospitals and 6235 children in 75 general hospitals. Total reimbursement for all children with T1DM over the period 2009 to 2011 was € 167,494,732 corresponding to an annual mean of € 55,831,577 of total costs and € 8326 euros per child. When comparing small (between 26 and 54 patients), medium (57-84 patients) and large (88-248 patients) general hospitals, costs per patient were highest in the hospitals with the highest number of T1DM patients. The costs for devices, secondary care and pharmaceutics had most impact on total expenditures. Over the study period, there was a slight decrease in per person costs. Conclusion: The overall health expenditure of a child with T1DM is more than € 8000 per patient per annum. Given the move towards more device-intensive multidisciplinary care for these patients, the costs of treating T1DM in children are likely to increase further in the coming years.
Background
Type 1 diabetes mellitus (T1DM) is one of the most common chronic diseases in children in developed nations [1] . The incidence rate of T1DM in the Netherlands has doubled over the past three decades to 21 per 100,000 children aged 14 years and younger [2] . The management of T1DM is intensive and complex. During the past decades, T1DM management has evolved from a physician-patient relation using 'one-size fits all' multiple daily injection insulin therapy to a multidisciplinary team approach with new insulin preparations, insulin pump therapy, and (continuous) glucose sensors. It is likely that this move towards more complex, intensive and multidisciplinary care raises the costs of treatment per child. Together with the increase in prevalence rates of T1DM in children this will have considerable impact on the budget needed to deliver appropriate care for these patients. More insight in such changes allows for better planning and a more solid corroboration of the needed funds.
There are currently only a few studies reporting the costs of T1DM among children [3] [4] [5] [6] . An increase in the costs over the last decades was observed by most of these studies [4, 7] . These studies reported that hospital (re-)admissions, devices and medication are the bulk of healthcare expenses. There is also an indication that the number of re-admissions is lower in larger hospitals [8] . However, most of these reports were of a cross-sectional nature. Furthermore and importantly, as these studies only reported the costs directly related to diabetes, the overall healthcare costs for children with T1DM remain unknown. When assessing information with regard to total health care expenditure for adult persons with diabetes, data suggest that more expenditure is needed for general care not directly related to diabetes compared to diabetes related care [9] . To our knowledge, a comparable analysis has not been performed in children with T1DM.
The aim of the present study was to investigate both the overall and diabetes-specific healthcare costs as derived from reimbursement data related to the management of Dutch children with T1DM aged 0 to 18 years. In order to gain more insight in the various aspects of costs, we also investigated its course, determinants and differences according to size of hospitals.
Methods

Study design
Retrospective, observational, nationwide study in the Netherlands study covering a period of 3 years (2009 to 2011). This study is part of the Young DUtch Diabetes Estimates (DUDE) initiative, a nation-wide project aimed at investigating the magnitude and impact of diabetes mellitus, complications and costs among children and adolescents in the Netherlands [2] . Aim of the present analysis was to investigate the overall and diabetes-specific healthcare costs related to the management of Dutch children (aged 0 to 18 years) with T1DM.
Outcomes
Primary outcome measure was the annual total healthcare costs related to children with T1DM (aged 0 to 18 years) in the period 2009 to 2011 in the Netherlands. As a secondary outcome measure we divided the costs according to nature (pharmaceuticals, device related, primary and secondary care consultations, admissions, maternity care, dental health and mental health). We also analysed the following putative determinants of costs: hospital type (university hospitals and general hospitals divided into tertiles according to the number of T1DM patients cared for in the hospital; hospitals caring for less than 20 children with T1DM were excluded from analysis) and number of readmissions.
The available data on reimbursed health care expenditure were not corrected for Consumer Price Index (CPI) changes. CPI changes are known for the Netherlands, being 1.3% for 2010 vs 2009, and 2.3% for 2011 vs 2010.
However, in the Netherlands, not all expenditure is included in the calculation of the CPI: income tax, social premiums and spending on insured health care, for example, are nor taken into account (https://www.cbs.nl/ en-gb/background/2005/26/consumer-price-index). Therefore, correcting for the CPI would not add to a better understanding of the available information.
Data collection
Throughout the 3-year study period, reimbursement of all hospital care was handled through the registration as Diagnosis Treatment Combination (Diagnose-Behandel Combinatie (DBC) in Dutch) codes. All Dutch children with T1DM are treated by hospital-based paediatricians and these physicians are required to record information by the appropriate DBC codes [2] . Importantly, each DBC code contains information about the attending physician (e.g. the specific specialty), the diagnosis, and the type of care provided. All DBC codes are stored in a national database, managed by Vektis (Vektis, Zeist, The Netherlands; https://www.vektis.nl/). Besides this database Vektis also manages other databases including the Basic Health Insurance Information System. This database contains demographic information (e.g. date of birth and gender) and information on drug prescription, for all children that are registered as inhabitants in the Netherlands. The coverage of this system is approximately 98% [10] . Claims records for pharmaceutical care, with a coverage of 99%, were derived from the Pharmacy Information System, containing information on the date the drug was supplied, the physician prescribing the drug, the specific drug that was supplied (including Anatomical Therapeutic Chemical (ATC) code), and the quantity supplied. Since all healthcare system records, including the Pharmacy Information System, use the same unique identifying number for each patient (the 'Citizen Service Number'), we were able to link all claims for any individual together and thereby track each individual through all domains of healthcare and over time [11] .
Resource costs were derived from the BASIC Detail Information database. This database provides insight into the total reimbursement of declared DBCs and other items as described below, under the Health Insurance Act (which then can be seen as a rather accurate proxy of costs of care), classified by type of healthcare procedure and aggregated into specific cost categories. The specific categories are: primary care, medications, dental care, obstetric care, paramedical assistance (including physiotherapy, speech therapy practice, dietetics), devices, patient transport and travel related costs, maternity care, mental health, and secondary care. Coverage of the BASIC Detail Information database is approximately 100%. Data available for research purposes were stripped from identifying characteristics to ensure anonymity: the Citizen Service Number was encrypted, date of birth converted into the person's age, and the postal code recoded to limit its identifying properties to hospital level. All hospitals were numbered to avoid direct recognition of specific hospitals. We extracted data about overall health care expenditure and more detailed in accordance with the above named subdivision.
Patients
We selected children aged 18 years or younger on the 1st of July for every single year of the study period (2009) (2010) (2011) 
Statistical analysis and ethical considerations
Statistical analyses were carried out using SPSS (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). All costs are expressed in Euros (€). As retrospective studies using anonymized data are exempt from ethical review under Dutch law, medical ethics approval was not required for this study. This was confirmed in writing by the ethical review board of Isala hospital.
Results
A total of 91 hospitals (8 university and 83 general hospitals) were included. Two university hospitals and 8 general hospitals were excluded because they cared for less than 20 children with T1DM each. The study sample comprised 6710 children whose T1DM was managed at 81 hospitals: 475 children in 6 university hospitals and 6235 children in 75 general hospitals. The number of children per year is presented in Table 1 .
The total reimbursement for all children with T1DM over the period 2009 to 2011 was € 167,494,732 (Table 1) , corresponding to a mean of € 8326 per child per year. Mean costs were € 8326 per child when children were seen in general hospitals for Costs are subdivided according to type and volume of hospital; and are presented as total costs (upper row) and mean costs per child (middle row). The total number of children is presented in the lower row their T1DM, and € 8350 when children were seen in a university hospital. Costs for devices, medical specialist consultations and pharmaceutics had most impact on the total expenditures (Table 2) . Over the study period, there was a decrease in costs, both for general and university hospitals. In general, the costs for general practitioners and paramedical care increased while costs for mental health, dental health and secondary care decreased.
In Fig. 1 , The mean costs (in euros) per child according to the number of patients per hospital and the average annual costs (in euros) per child with T1DM are shown when comparing hospitals, caring for different numbers of patients. Costs were highest in hospitals with the largest number of patients (Table 1 and Fig. 1) .
Discussion
This study found that the mean costs of treating T1DM (based on reimbursement data) in children in the Netherlands are € 8326 per child. Healthcare costs associated with children proved to be higher when children were being treated for their diabetes in a larger general hospital, with more or less the same health care expenditure per child as in an university hospital.
The costs of treating a child with T1DM in this study are considerably higher than those reported earlier. In Europe, previous studies from Germany (2007) and Greece (2011 to 2012) reported mean annual costs per child with T1DM of € 3542 and € 2712, respectively [4, 12] . The Greek study included only 89 children [12] . A study from California (2009 to 2012) reported median median annual costs of US$ 7654 (€ 6850 euros) [13] , and a small Brazilian study (2008 to 2010) [14] , which did not include hospital admissions, reported average annual costs of $ 1319 (€ 1180). Differences in organization and accessibility of health care and standards of diabetes care hamper the comparison of such costs between countries.
Our study is the first to incorporate all costs (including e.g. paramedical and dental care) for children with T1DM. Previous studies only examined costs for drugs, devices or hospital admissions directly associated with diabetes [4, 12, 14] . In addition, differences in the use of devices such as insulin pumps, may have influenced the differences between countries [4, 13, 14] . Apart from hospitalization, the use of such devices is the main determinant of costs for diabetes. The few studies reporting both costs and insulin pump usage showed marked differences in the proportion of T1DM patients using insulin pumps, ranging from 1.2% in Brazil (2008 to 2010) [14] , 18% in California (July 1st 2009 to June 30th 2012) [13] to more than 25% in Germany 2007 [8] and 37% in the Netherlands (unpublished data). In addition, studies differ in the proportion of medical costs spent on pharmaceuticals, ranging from 12 to 33%, indicating that differences in the costs of insulin may also influence the results [5, 14] . There are also methodological differences between studies, the different population profiles analyzed and the differences between the unit costs of health services between countries hampering mutual comparison. There also seems to be a relationship between higher costs and poorer metabolic control which is related to increased admissions in children and Costs are presented as total costs (upper row) and mean costs per child (lower row)
intensive care [4-6, 8, 15] , and a lower socioeconomic status is correlated with higher costs partly as result of a higher admissions rate [8, [16] [17] [18] . On the other hand, patients with the poorest control tended to have relatively lower costs for supplies, outpatient visits and laboratory tests but higher hospitalization costs [12] . In the present study, the average annual costs of treating T1DM in children was higher in hospitals caring for more patients (Fig. 1) . This is surprising as it is commonly believed that a larger patient volume would allow for lower per person overhead costs, and -thus -to lower overall costs per individual patient. Furthermore, out-of-office hours services are probably better developed in larger institutes. In large centres, the availability of a dedicated 24-h service might allow resolving diabetes specific problems without need for admission. The finding that the number of admissions of children with T1DM is lower in larger centers supports this hypothesis [8, 18] . On the other hand it is likely that larger centers treat more complex cases. Also, other factors such as socio-economic status could be of influence (19) . Further studies are needed to identify the factors responsible for the higher costs in larger hospitals. Finally, it should be mentioned that we investigated the sum of all large, medium and small centres and there could be individual centres with lower costs than expected.
Because of the rapid developments in the innovation of the treatment of T1DM [19] [20] [21] [22] with an increasing use of high-tech devices, the costs of treating T1DM in children are likely to increase further in the coming years. Data from adults with diabetes suggest that more expenditure is needed for general care not directly related to diabetes compared to diabetes related care [9] . The present study provides insight in the total health care expenditure and specific diabetes-related costs of T1DM care among children in the Netherlands. Hopefully, the insight gained will allow a better understanding and planning of health care needs of this selected population, not only with respect to diabetes, but also in general. The main strength of our study is that we provide a nationwide perspective of all the costs associated with the management of children with T1DM, including dental and mental health. The following limitations should be mentioned. First, we did not examine the influence of patient characteristics on costs. Previous studies found that the cost of girls are higher than for boys [4, 8, 18] and this may by quite different per age category [4, 5, 8] . Second, we were unable to specify the different aspects of the costs on a more detailed level due to the structure of the DBC system in the Netherlands. Finally, the cross-sectional character of our data precludes causal inferences.
Conclusions
Between 2009 and 2011, the total costs for T1DM in the Netherlands (based on reimbursement data) were more than € 55 million, corresponding to an mean of € 8326 euros per child with T1DM per annum. Costs were highest in hospitals treating a larger numbers of patients and the costs found in the present study seem to be higher than in previous reports from other countries. This may be partly explained by increased device use and differences in healthcare systems and study methods. Given the move towards more device-intensive and multidisciplinary care for children with T1DM, it is likely that the health expenditure for T1DM will continue to rise in the coming years. 
Availability of data and materials
The data that support the findings of this study are available from Vektis but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the authors upon reasonable request and with permission of Vektis.
Authors' contributions ES: is the main author if this manuscript. Made the conception and design and acquisition of data, and interpretation of data. PvD: made substantial contributions to conception and design and acquisition of data, and interpretation of date and given final approval of the version to be published. KG: been involved in drafting the manuscript or revising it critically, espial the statistical part of the manuscript and given final approval of the version to be published. PB: been involved in drafting the manuscript and revising it critically for important intellectual contribution and given final approval of the version to be published. NK: made substantial contributions to conception and design and interpretation of data and given final approval of the version to be published. HB: agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved and given final approval of the version to be published.
Ethics approval and consent to participate Upon consultation, the Medical Ethical Committee of the Isala hospital stated, that, retrospective studies using anonymized data are exempt from ethical review under Dutch law, medical ethics approval was not required for this study. This was confirmed in writing.
Consent for publication
Not applicable.
